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We report here for the ﬁrst time the composition and mineralogical studies on a new meteorite, which
fell in Dhayala ki Chappar (24580N, 734802700E) 5 km NWof Nathdwara in south Rajasthan, India, on Dec.
25th, 2012. Mineralogical and compositional studies were carried out on a representative piece of the
Nathdwarameteorite sample. Themineralogical composition of themeteorite has been found to be olivine
(4245 vol.%), feldspar (1015 vol.%), orthopyroxene (2325 vol.%), troilite (68 vol.%), and titanium
bearing minerals (68 vol.%). Our investigations show that the Nathdwara meteorite belongs to H6 group
of ordinary chondrites.
 2013, China University of Geosciences (Beijing) and Peking University. Production and hosting by
Elsevier B.V. All rights reserved.1. Introduction
Chondritic meteorites are known as chondrites are divided into
three classes, viz., ordinary, carbonaceous, and enstatite, which are
further divided into twelve subgroups (Hutchison, 2004). Studies of
chondrites are useful in understanding the thermal processes
involved in collusion of planetesimals (Kerr, 2013). These groups
are deﬁned by properties that include bulk compositions, isotopic
compositions, oxidation states, and textures. Ordinary chondrites
(OCs) are divided into three groups: H group has high total Fe
contents (FeO as Fe andmetallic Fe), L group has low total Fe, and LL
group has lowest metallic Fe as well as low total Fe. The distinction
between different chondrites is usually made on the basis of
chemical compositional changes in ferrous, metallic, and total iron
contents as well as in Fe/Ni ratios in the metal (Hutchison, 2004).hasarathy).
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sity of Geosciences (Beijing) and POur earlier studies on thermodynamic and electrical properties of
ordinary chondrites have suggested that the ordinary chondrites is
stable up to 1000 K and devoid of any hydrous or organic
compounds (Parthasarathy and Sharma, 2004). On the other hand
the FTIR spectroscopic studies on the ordinary chondrite Dergaon
H5 Chondrite showed presence of organic compound (Saikia et al.,
2009a). In this paper we report a fall, mineralogy and classiﬁcation
of a new meteorite, for the ﬁrst time.
A single stone fell at Dhayala ki Chappar (24580N, 734802700E),
near the well known holy town of Nathdwara in Rajsamand District
of Rajasthan, India, on 25th December 2012 at 18:20 hrs (Local
time). Location map of the meteorite fall is shown in Fig. 1a and b. A
deafening, hissing sound accompanied the fall of the stony mete-
orite, creating a small crater in the agriculture ﬁeld of Mangilal
Meghwal. The meteorite had an oblong shape and its longest
dimension was 12 cm (Fig. 2). It formed a smallw15 cm diameter
crater having roughly similar depth in the ﬁeld (Fig. 3). The stone
was fully coveredwith fusion crust and hadwell rounded edges and
well developed regmaglypts (thumbprint like impressions) on its
surface, that are formed by ablation of material from the surface as
a meteor passes through the Earth’s atmosphere. They are probably
formed by vortices of hot gas. The meteorite sample initially
weighed about 1.5 kg, which was hammered into several small
pieces out of curiosity by the villagers, out of which a 30 g piecewas
made available to one of us (MSS) for characterization study. Theeking University. Production and hosting by Elsevier B.V. All rights reserved.
Figure 1. (a) Location map of the meteorite fall. Dayala represents the exact place Dhayala ki Chappar (24580N, 734802700E); (b) detailed map of the Rajasthan with major places in
Rajasthan, the location of Nathdwara, nearest township to the Dhayala ki Chappar (24580N, 734802700E), Rajasthan is marked with a rectangle.
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Figure 2. Original piece after it was collected by the villagers and was slightly broken at top; the diameter of the meteorite piece is about 3 cm, and the length is about 12 cm.
V. Agarwal et al. / Geoscience Frontiers 5 (2014) 413e417 415major parts of the meteorite are available with the Administrative
ofﬁcer, Rajsamand District and the ﬁrst author of this paper (VA).
2. Methods
Mineralogical studies on meteorite are useful to obtain the in-
formation about the fractionation processes in planetary interiors.Figure 3. The small crater formed by the meteorite fall, with the center of the crater
about 15 cm diameter.The stonewhen recoveredwas fully covered by a uniform, thin dark
black fusion crust. Under the crust it showed gray rocky interior. In
thin sections it shows chondritic structure and hence the stone
belongs to chondrite group of meteorites. Most of the chondrules,
however, are effaced due to recrystallization or are seen as relict
structures. The chondrule-matrix integration is poorly deﬁned,
indicating a high metamorphic grade, probably grade 6. Relict
olivine chondrules showed varieties such as granular, skeletal,
glassy devitriﬁed and porphyritic (Fig. 4a and b). The matrix is
coarse grained with homogeneous dispersion of olivine and py-
roxene. Few grains of feldspar are seen in some thin sections.
Opaques are very abundant and consisting of considerable amount
of troilite (Fig. 4b). The grains are highly fractured indicating a high
degree of shock, may be shock grade S3 or higher. Further analyses
on the mineralogy of the opaque minerals are under progress.
3. Results and discussion
The meteorite samples were pulverized by using a porcelain
mortar and pestle. Powdered meteorite sample was analyzed for
the whole rock chemical composition by X-ray ﬂuorescence tech-
nique, using the method described earlier (Bhandari et al., 2005,
2008, 2009). The mineral compositions were determined by Elec-
tron Probe Microanalyser. The experimental conditions were
identical to those used in studies of other meteorites, e.g. Ken-
drapara and Bhawad, described elsewhere (Dhingra et al., 2004;
Bhandari et al., 2005, 2008, 2009). Three independent experi-
mental runs were made to check the reproducibility of the
compositional data.
Thewhole rock abundances are given in Table 1. Typical errors of
analysis are about 0.01 wt.%. The iron content of the meteorite is
determined as high as 29.2 wt.% indicating that the stone belongs
to H group of chondrites. The abundances of nickel, cobalt,
magnesium etc agree with this classiﬁcation (Rubin, 2005). The
Figure 4. (a) Photomicrographs of the thin section of the Nathdwara meteorite under
plane polarized light, the scale is given showing the mineral assemblages and the
matrix of the meteorite sample (various minerals are indicated as Oleolivine,
Cpxeclinopyroxene, Troetroilite, Splespinel, and Ilmeilmenite). (b) Relict skeletal
olivine chondrule, and pyroxene. Nicols crossed, porphyritic olivine integrating with
the matrix. We have followed the recommendation of Whitney and Evans (2010) for
the mineral abbreviations.
Table 2
Chemical analysis of olivine grains by Electron
Probe Microanalyser.
Oxide wt.%
SiO2 38.700
MgO 38.600
FeO 22.700
Total 100%
V. Agarwal et al. / Geoscience Frontiers 5 (2014) 413e417416petrographic investigations on the meteorite showed the presence
of olivine, orthopyroxene, feldspar, and opaque minerals like
ilmenite, iron metal and troilite.
The mineralogical composition of olivine was measured by
Electron Probe Microanalyser and is given in Table 2. The fayalite
content of olivine is 14.2%, consistent with the H6 classiﬁcation
(Dhingra et al., 2004; Saikia et al., 2009b), and the ferrosilite con-
tent in orthopyroxenes has been determined to be 18mol.%. Carbon
content is found to be below our detection limit (less than
0.02 wt.%). The mean modal composition of the NathdwaraTable 1
Whole rock analysis of the chondrite.
Element Abundance
Si (wt.%) 16.50
Mg (wt.%) 14.7
Fe (wt.%) 29.2
Al (wt.%) 0.90
S (wt.%) 2.25
Ni (wt.%) 1.86
Ca (wt.%) 1.17
Co (ppm) 1150
K (ppm) 850meteorite (within errors of 5%) is estimated to be olivine
(43 vol.%), feldspar (12.5 vol.%), orthopyroxene (24 vol.%), troilite
(7 vol.%), other opaque phases (5 vol.%), and carbon content is
below detectable limit of <0.02 vol.%. The EPMA data on the feld-
spar of Nathdwara meteorite showed a composition (in wt.%)
(SiO2 ¼ 63.00, Al2O3 ¼ 22, CaO ¼ 2.55, Na2O ¼ 10.08, K2O ¼ 1.20,
total ¼ 99.30) yielding a mineral composition of (An11.48A-
b82.09Or6.43). We adopted the recommendation of Whitney and
Evans (2010) for the mineral abbreviations, where Aneanorthite,
Abealbite and Oreorthoclase. Feldspar in ordinary chondrites is
believed to have been formed from glass through metamorphic
processes (Van Schums and Ribbe, 1968). The composition of
feldspar of Nathdwara meteorite is found to be in close agreement
with the feldspar composition observed for H6 chondrites like
Peekskill (An ¼ 9.4e12.0 mol.%, Ab ¼ 82.5e88.3 mol.%,
Or ¼ 2.9e5.9 mol.%) or Mugla north (An ¼ 11.2e11.7 mol.%,
Ab ¼ 82.5e83.9 mol.%, Or ¼ 4.5e6.3 mol.%) (Nakamutta and
Motomura, 1999). The temperature obtained by plagioclase ther-
mometry showed maximum temperature for the H-type chondrite
is 734  20 C (Nakamutta and Motomura, 1999). The similarity of
the feldspar composition indicates that the equilibration temper-
ature of the Nathdwarameteorite could be in the same temperature
region (720760 C). The composition of the ilmenite grain is
determined (in wt.%) is found to be FeO ¼ 41.2, MgO ¼ 4.0,
MnO ¼ 1.8 and TiO2 ¼ 53.0. The observed values are found to be in
good agreement with the average composition of chondritic
ilmenite found in H6 Oakley meteorite (FeO ¼ 39.8 wt.%,
MgO ¼ 4.3 wt.%, MnO ¼ 3.7 wt.%, TiO2 ¼ 51.7 wt.%,
Cr2O3 ¼ 0.04 wt.%) (Snetsinger and Keil, 1969).
4. Conclusion
Based on mineralogical composition of olivine, pyroxenes and
whole rock chemical composition, we classify the Nathdwara
meteorite as H6 chondrite. There have been unusually large num-
ber of falls in Rajasthan, over the past two decades as pointed out
earlier (Bhandari et al., 2005) and this new fall adds to this enigma.
Further studies on the thermodynamic properties and spectro-
scopic studies on the Nathdwara meteorite are required to under-
stand the nature of the equilibration process in this meteorite.
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